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PROCESS FOR THB PREPARATION OF STEROIDAL CftRBOTHIOIC ACID DBRIVATIVBS AMD INTKRM 
EDXATES 

The pres«it faiveatioa relates to a novel process for the conversion of stemidal carboxyltc acids to 
5 carbothioate derivatives stich as fluticasone pn5)ionate via no^^ 

Bad^round of tiie Invmlioii 

In (he piepaiation of ITP-carbodiioic adds, sulphur has g^erally been introduced uoder anhydrous 
conditions; either by the use of hydrogensnlfide (US4335121, US4578221) orby employh^ibe 
10 salt of hydrogensulfide, generated in situ fix)m the reaction between sodium hydride and 
hydrog€nsulfide(US4188385, US4335121, US4S78221). 

In US2002/01 33032 Ahbott claim a proce^ towards fluticasone propionate starting fiom 
flumethasona The process consists of 5 steps, of which the final two can be perfomed as a one-pot 
15 reaction, and the product is obtained m an overall yield of 51 %. Abbott also clauns that a 6a- 
chloro-Skx-fhioro-impurity present in commercial grade flumethasone necessitates an elaborate 
purification of flumetiiasone prior to use. 

hi the prq)aration of fhiticasone propionate, the introduction of die CEUP-moi^ has been 

20 aocompUshed by the reaction ofthecaiibofhioic metal sdt with a dihalomethan^ 

preferably a fluorohalometiiane. Glaxo first made use of bromocbloromethane, foltowed by 
halogen exchanges (US4335121). They later moved on to bromofluoromelhaue CWO02088 167, 
WO02100879, WOa212265, WO0212266), first mentioned by PhilBps ei al (J. Med. Chem.. 1994, 
37, 3717-3729). The Israeli cony)ai5r Chemagis (IL109656) utilised bofli bromo- and 

25 chlorofluorometiiane. Chlarofiuoromethane was later used by Abbott as well (US2002/0133032). 

Snmmarv of invention; 

The problem to be solved by the present invention is to provide a new metiiod for the preparation 
30 of steroidal carbofliioio acid and derivatives tiiereof such as fhiticasone propionate, especially a 
metiiod in vAich a number of tiie relevant medKxl steps may be performed as a continuous one-pot 
synthesis. This denotes a metiiod where relevant synthetic steps m^ be perfbrtned in situ wifliout 
change of solvent or isolation of the individual intermediates. 

35 The present invention provides a method which comprises A) reacting a steroidal carboxylic acid 
or a salt thereof wifli a coupling agent alone or in conjunction witii a coupling enhancer, and 
B) reacting die product of step A) witfi a nuoleophilic agent comprising a sul&r atom. 
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Thd solution is based on flie identification by the present inventors by employing novel in situ 
S^nerated estas, such as 17P-caifaoxy- imida^lyK suGcinimidyl- or triazolyl esters of fonnula 
ODD), as intermediates, an increased flireshold against competing hydrolysis reactions was achieved. 
5 The reduced level ofhydrolysis farther raises the efficiency i^garding die 

steroidal carbotfaioote product and removes fiie need to woik under strictly anhydrous conditions* 
The prelferred steroidal carboihioate end products are defmed by fonnula (I) herem. When Rio of 
fbnnula (I) is a fluoromethyi group ttus represents fluticasone propionate. 

1 0 The intermediate (such as an ester of fbnnula (ID)) is very suitable for use in a method for the 
conversion of a steroidal carboxyllc acid to a straoidal carbotfaioic acid or a carbothioate. As 
explained above, an advantage of the method described herein relates to the possibilt^ of 
perfonnuig relevant me&od steps in situ. 

15 The increased stability of tiie intermediates (such as compounds of formula (m)) against competing 
hydrolysis reactions, removes the need to work under anhydrous conditions. This makes it possible 
to avoid the use of hydrogensulfide gas, allowmg histead the use of hydrosulfide satts, either as 
solids with crystal water or as solutions of the desired sulfide salt in watw. Further it sets the stage 
for an in situ process where relevant steps may be performed in one-pot 

20 The presoit invention also disdoses a novel process for the preparation of e.g.f^ 

propionate. By employbg the method described herein^ three out of five stsps may be p^ormed ui 
one-pot, thus yielding fluticasone propionate m an overall yield of 69% (see example 3 herem). 

Coupling agjBots and enhancers have primarily be«i used in peptide chemistry where the need to 
2S activate carboxylic acids in order to facilitate peptide couplings has been recognized for decades 
(Handbook of Reagents for Organic Synthesis, Activating Agents and Protecting Groups^ ed. A. 1. 
Pearson and WiL Roush. John Wiley & Sons» 1999). 

Within the field of steroids the use of coupling agents have also found use, especially in the 
30 preparation of caifoothioic acids and esters of the androstane series (e.g. 17541 S83 8S, US4 198403, 
US4335 121)). However, in these cases coupling enhancers were not used, and as a result some of 
the activatBd intermediates sufifered the disadvantage of being prone to competing reactions^ e.g. 
iQ^drolysis, resulting in a reduced yield of the final product In US6197761, Olaxo made use of 
coupling enhancers. In example 16, a novel oxo^ietra^hydrofhranoyl amide was prepared by 
35 activating the androstane 17p-caifaoxylic acid with 1-hydroxybenzotriazole (HOBt) in conjunction 
mfli l-ethyl-3-(3-dhnctlQfl^aminopropyI) caibodiunide hydrochloride (EDC). However, it is not 
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disclosed in this reference tiiat the caibothioic acid can be obtained by adding a nucleophilic ag^nt 
Id an activafed caibo^Iic group. 

Embodiments of Ifae present invention are described bdow, by v/uy of examples only- c^bove 
5 mentioned references are incoipotBted by reference. 

In the fimnulaa^ the substitaents have fhe same meanings as in lUPAC Compendium of Chemical 
Terminology unless oflierwise defined When die substituent definition comjfHrises a range (e.g. 06 
10 to 022 or CI to ClO^ the range is understood to oonq()riseaU integers in tiiat range, i.e^ U 2 3,4, 5, 
6, 7, 8, 9, 10, 11. 12, 13, 14, 15, 16, 17, 18. 19, 20, 21, 22 etc. 



The tenn "substituted" means that one or more (such as 1, 2, 3, 4, 5, or 6) hydrogen atoms are 
substituted wifli substituents independently selected from groups such as: halogen atoms, nihro 

15 groups, hydroxy!, mercapto, cyano, carbamoyl, optionally substituted ammo, optionally substituted 
alkyl (e.g. perhalograialkyl), optionally substitated alkenyl, optionally substituted alkynyl, 
optional^ substitated cycloalk(en/yn)yl, optionally substituted aiyl, optionally substituted 
anot»Qwarboiiyl, pptionally substituted arylo3C)rcarbonyl, optionally substituted aDooxy, optionally 
substituted aOgrltbio, optional^ substituted (hetero)aryl, optionally substituted (hdsro)aiyloiQr or 

20 acyl groups. Two hydrogen atoms on the same carbon atcHU can be sub 
substituent, such as optionally substituted 01^ alkylene, 0,NH, S. 

The tenn "halogen" represents fluoro, dbloro, bcomo, or iodo. 

25 The term "heteroatom** or ^lieteio" mchtdes atoms such as 0, S, or N. 



The term "alkyl" includes straight or branched chain aliphatic hydrocarbon groups that are 
saturated and have 1 to 15 carbon atoms. Preferably, the eSkyl groiqp has 1-10 carbon atoms, and 
most preferred 1, 2, 3, 4, S, or 6 carbon atoms. The alkyl groups may be interrupted by one or more 
30 heteroatoms, and may be substituted, eg. with groups as defined above, such as halogen, hydro^l, 
aiy 1, cycloalkyl, aiyloxy, or alkoxy. PieferrBd straight or branched alkyl groups include methyl, 
ethyl, propyl, isopropyl, butyl and t-bidyL The term "alkosgr" stands for an -O-alkyl group. 

The term "cycloalkyl" includes strai^t or branched cbam, saturated or ^m??ftt!mitftd aliphatic 
35 hydrocarbon groups which connect to form one or more rings of prefiarably 3, 4, 5, 6, or 7 riog 
members, which can be fused or isolated. The rings may be substituted, e.g. witii groups as defined 
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above, suet as halogen, hydroxyl, aiyl, aryloxy, alkoxy, or alkyL Frefeired cycloallcyl groups 
include cyclopropyl, c^clobutyl, cydopentyl and cyclohexyl. 



The tenzi ''alkenyl" includea straight or branched chain hydrocaibon groups having 2 to IS carbon 
S atoms (e.g. 2, 3« 4, S, 6 or 1 0 carbon atoms) with at least one carbon-carbon double bond, the chain 
being optionally intmupted one or more helmatoms. The chain hydrogens may be substituted, 
e.g. with groups as defined above, such as halogen. Preferred straight or branched alkenyl groups 
include vuiyl, allyl, 1-butmyI, l-metfayl propenyl and 4-ii^KtBnyL 

10 The tenn "allQ^yl" includes straight or branched chain hydrocarbon groups havmg 2 to 15 catfaon 
atoms (e.g. 2, 3, 4, 5, 6 or 10 carbon atoms) with at least one carboxncarbon triple bond^ the chain 
being optionally interrupted by one or more hefcMoatoms. The chain hydrogens may be substituted, 
e.g wilh groups as defined above, such as halogen. Preferred straight or brandied alkynyl groups 
include ethynyl, propyoyl. 1-butynyl, Imethyl propynyl and 4-pen^ynyl 

15 

The term "^cloaSoenyl" includes straight or branched chain, saturated or unsaturated aliphatic 
hydrocaibon groups which connect to form one or mm non-aromatic rings of preferably 3, 4, 5, 6, 
or 7 zing members cantamuig a caifaon'-caibon double bond, which can be fused or isolated The 
rings may be substituted, e.g. with groups as deSned above, such as halogen, hydroxyl, alkoxy, or 
20 alkyl.Fi^fttiedc^loalkeiQrl groups inchidecTcIopentenyl^ 

The term "azyr refers to carbon-based ring$ which are aromatic. The rings may be isolated, such as 
ph^yl, or fused, such as napUfayL The rmg hydrogens may be substituted, e.g. with groups as 
defined above, such as aJkyl halogen, free or functionalized hydrosgf, trihalomefliyl, etc. Ptefeirred 
25 aryl groups include pheinyl, 3(trifluorometl^l)phenyl, 3-chlorophenyl, and 4-fluorophenyl. 

The term "heteroaiyl" refers to aromatic hydrocarbon rmgs (havmg such as 3, 4, 5, 6, or 7 ring 
members) which contain at least one (e.g. 1, 2, 3, 4, or 5) heteroatomCs) in 4e ring. Heteioaryl 
rings may be isolated, preferably with 5 to 6 ring atoms, or fused, preferably with 8, 9 or 10 ring 
30 atoms. The heteroaryi rTng(s) hydrogens or heteroatoms with open valency m^ be substituted, e.g. 
with groups as defined above, such as alkyl or halogen. Examples of heteroaiyl groups inchide 
hnidazole, pyridme, indole quinoline, futane, tiiiophene, pyrrole, tetrahydroquinoline, 
dihydrobenzofuran, and dihydrobenzindole. 

35 The term ''aliphatic group" comprises both saturated and unsaturated, straight chain (i.e., 
unbranched), branched, cyclic, or poiycyclic aliphatic hydrocarbons, which are optionally 
substituted wiOi one or more functional groups. The term includes, but is not limited to, alkyl, 
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alkenyl, alkynyl, c^loalkyl, cycloalkaiyl, and cycloalkyayl moieties. It is presently preferred that 
alkyl or other aliphatic groups have 1-6 carbon atoms (which may be substituted or unsubstituted as 
specified). For example, suitable aliphatic g^ups include substituted or ui^bstituted linear, 
branched or cycUc Btkyl, alkenyl, a&yayl groups and hybrids thereof such as (cycloallgrl)alkyl, 
5 (GycIoalk^I)all9lor(qft:loaIkyl)aIkenyL 

Hie term "betax)aliphatic group" lefbrs to aliphatic moieties (cf. &e tenn aliphatic as defined 
above), Mduch c(mtain one or more oxygen, sulfi^ 

place of carbon atoms. Heteroaliphatic moieties may be substitmed or unsub5titate4 branched, 
10 unbranched, cyclic or acyclic, and include saturated and unsaturated hetero^ 
moipholino, pyrrolidinyl, etc 

The term "carbocyclic group/ring" includes a mono or bicyclic caxboq^clio ring (e.g., cycloa%l or 
cydoalloeatyl groups such as cyclopropyl, cyclobutyl, cydopentji cyclohexyl, cyolohep^l, 
1 5 cydooctyl, cyclononyl, cyclopentenyl, cyclohexenyl, and bicyclo[2.2. l]heptanyl, 

bicyclo[3.2.1]octanyl and bioydo[5.2.0]nonattyl, etc.); optionally containing 1-2 double bonds and 
optionally substituted by I to 3 suitable substituents as defined above. 

The term lieterooyclic gnmp/ring" includes both helranaiy I as above defined as well as noa- 

20 aramatio ring systems having five to fourteen members, proferob 

more ring caibons, preferably one to fijur, are each replaced by a heteroatom such as N, O, or S. 
Examples of heterocyclic rings inchde 3-lH-benziniidazol-2-one, (l-substituted>«2K]KO- 
benzunidazol-B-yl, 2-tetrahydrofiiranyl, B-tetrahydiafiiranyl, 2-tetzahydrapyianyl, 3- 
tetiahydropyrairyl. 4-lBtrahydropyranyl, [l,3]-dioxalanyl, [l,3]-dithioIanyl, [l,3]-dioxanyl, 2- 

25 tetrahydrothiophenyl, 3-tetrahydrothiophenyl, 2-morpholinyI, 3-mQipholiEyl, 4-TOorpholnijd, 2- 
thiomoipholinyl, 3-thiomoipholinyl, 4-thiomorpholinyl, 1 -pyrrolidinyl, 2-pyrrolidinyl, 3- 
pyirolidinyl, l^jiperazinyl, 2-pipera2myl, I-piperidinyl, 2-piperidinyl, 3-piperidinjl, 4-piperidinyl, 
4-thiazoIidiny], diazoloi^l, N-substituted diazolonyl, l-phthalimidinyl, benzoxanyl, 
benzopyrrolidixQrl, benzopiperidinyl, benzoxolaoyl, benzothiolanyl, and benzothianyl. Also 

30 included mOim the scope of the term 'lieterocyclyr or "heterocyclic", as it is used herein, is a 
group in whioh a non-aromatic heteroatonMontmnmg ring is fu sed to one or more aromatic or non- 
aromatio rmgs, such as in an hidoUnyl, chromanyl, phenanthridinyl, or tBtrahydroquinolbyl, where 
the radical or pomt of attschment is on the non-aromatic heteroatom-contammg ring. The term 
"heterocydic" whether saturated or partial^ unsaturated, also refers to rings that are optionally 

35 substituted with substituents as above defined. 

The term "acyl" encompasses carboxylic acyl groups having the fi)nnu]a A-C(=0)-, in, which 
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fonnula A lepresenls a sabstituent as defined above, such 2s an aBcyl, alkenyl, aryl, heteroatyl or 
arallcyl group, the chain in said groups being optionally interrupted by one or more hetetoatoms and 
fhfi groiqis being optionally substituted, 6<g. by one or nuire substituenis as defined above. 
Examples on ai^l groups are fbm^l, C1-C6 alk(en^)ylcarboiQ^l, aiylcarbonyl, aryl-Cl*C6 
5 8ll<eQ^)ylcai{ionyl, cycloalkylcaiboiQfl, 

the teim acyl comprises any of the above groups in which the C(K>) group is replaeed by C(=S) or 
C^-RX R is H (»- a substituent as defined above. 



The term *1iydroxy-protBCting group" is intended to mean any group used for "die tanporary 
10 protection of hydroxy fiinctbnSj such as for example, alkoa^caibonyl, acyl, alkylsilyl or 
all^larylsilyl groups (hereinafter referred to simply as ''silyl" groups), and alkoxyall^l groups. 
Alkoxycarbonyl protecting groups are alkyl-O-CG-- grouphigs such as methoxycarbonyl, 
etho:}Qrcarbonyl, propoxycarbonyl, isopropoxycaibonyl, butoxycarbonyl, isobuto:>Qrcaibony}, tcrt- 
butoxycaibonyl, ben2;yloxyoarboi^l or allyloxycarbonyL Alkoxyalkyl protecting groups are groups 
IS such as meihoTQrmethyl, etho3QrmetfayI, methoxyethoxymethyl, or tetrahydrofiiranyl and 
tetrahydropyranyL Preferred silyKprotecting groups are trimediylsilyl, triethylsilyl, 1^ 
butyldimethylsilyl, dibul)imetiiylsilyl, diphenyhnethylsilyl, phenyldimethylsilyl, diphenyl-^ 
butylsHyl and anak^us alkylated sUyl radicals. 

20 A "piY^tectedlQrdrmQ^ group is a hydro3Q^ group derivatised(v protect 

groups commonly used fbr the temporary or permanent protection of hydn>3^ functions, 6.g. fhe 
silyl, aOcoiQ^lkyl, asyl or aOcoicycarboiiyl groiqis, as previously defined 

The term "steroid" as used herein is intended to mean cooyxiunds having a 
25 (^dopentanophenanthrene nucleus. In these structures, tixe use of bold and dashed lines to denote 
particular confi^rmation of groups again follows the lUPAC steioid-naming convention. The 
symbols "alpha" and "beta" indicate the specific steieochemical configuration of a substituent at an 
asymmetric carbon atom in a chemical structure as dravm. Thus "alpha." denoted by a broken line, 
indicates that &e group in question is below the g^eral plane of the molecule as drawn, and 'iDeta" 
30 denoted by a bold line, indicates that the group at the position in question is above the general 
plane of the molecule as drawn. 

The terms "steroidal carbothioate", "steroidal carbottiioic acid" and "steroidal caAoxylic acid^ are 
intended to mean compounds in which a caibotfaioate group, carbotfaioic acid group or carboT^lic 
35 acid group, respectively, is bound to the steroid nucleus, either dkectly or via Imker, such as an 
optionally substituted C1-C6 alkylene group, in any position of the nucleus. Presently piefeared are 
steroidal compound where tiie carbothioate group, caibotfaioic acid group or carboxylic acid group 
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is boimd to the carbon atom in position 17, more pieferably directly to the nucleus without an 
interveoing linker, and most preferably in beta coniiguialion. 

The teim '^caiboAioate" is intended to mean the subatitiient -C(=0)-S-S, wheietn Ri^pmsents a 
S substituent selected fixxm: an aliphatic grou|)» an hetenialiidiatic group, a caibocyclic groups a 
heterocyclic group, a heteroaiyl group, an atyl groups etc; all said groups are optionally substituted 
as above defined. Presently prefened R is substituted al^l or substituted heteiocycfyl. 

The term ''nucleophilic agent" means a chemical compound capable of forming a covalrat bond 
10 wUb an activfltedcarb039iic acid group. 

The term '^electrophilic agent" as used herein relates to a cbemical compound capable of forming a 
covalent bond with a electron rich system such as e,g. a thioanion (-S"). Examples are compounds 
of the formula X-Y, where X is halogen and Y is aryl, a heterocyclic group or an aliphatic or 
15 heteroaliphatic group, said groups being optionally substituted. Presently, piefcrred agents are 
optionally substituted alkylhalogenides or optionally substituted heterocyclylhalides. 

The tmn "solvate** repre^nts an aggregate Hiat compiises one or more molecules of the compound 
of the invention, with one or more molecules of solvent Solvents may be^ by way of example, 
20 water, elfaanol, acetone THP, DMA, or DMF. 

Detailed description of the inyentinB 

A first aspect of the invention relates to a method for preparing a steroidal carbotiuoio acid or a salt 

25 thereof said method comprises; 

A) reacting a steroidal carboxylic acid or a sah thereof with a couplmg agent [such as a 
carbodiimide derivative] alone or in conjunction with a coupling enhancer [such as a chemical 
entity comprising a saturated ca- unsatuxated 5-6 membered heterocyclic ring in which the 5-6 
membered heterooyclic ring contains one, two or thxee nitrogen atom% said heteroQrclic ring is 

30 optLonaiiy substituted on at least one nitrogen atom (such as by a hydroxy- or a cyano group) 
and/or optionally substituted on at least one carbon atom (such as by a keto group, a sulfonic acid 
or a salt thereof (i.e. the substituent is a sulfonate group, -S(«OX«0>0" wherein the single bonded 
oxygen is bond directly to hydrogen, or to a group lA or IIA light metal (such as sulfonic acid 
sodium salt) or to an optionally substituted ammonium), an aliphatic group (e.g. aD^l comprising 1 

35-4 carbm atoms, such as a methyl group) or a heteroaliphatic group preferably comprising a sulfur 
atom (e.g. heteroallg^l wilii 1-4 carbon atoms, such as a thiomethyl group)) and, when the said 
heterocyclic ring contains two adjacent carbon atoms^ the said ring is optionally fiised wiftt an 
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aromatic- or a heteroaromaiic ring which is optionally substituted (such as by a halog^ atom e.g* a 
chlofoatom)]; and 

B) reacting thep3?oductof step A) with a nucleophiUc agent comprising a solf^ 
hydiogiBn sulfide or a coire^onding salt, opdonally a bydiated salt thereof and pieferably sodium 
5 l^drosulfide hydrate]. 

As coupUng agent, it is presently prefened to use a caibodiimide derivative, repiesented by the 
following formula: Ra — N=C^N — 

vAer^RflandRbatethesameor difiGsrent» and each represent an aliphatic»hetBroali;Afltic^ 
10 carboq^clio or a heterocyclic ffoup [all said groups are optionally sustituted]; more preferably the 
coupling agent is l-ethyl-S-CS-dimetfaylamhiopropyl} carbodiunide (HDC); and most preftrably the 
hydrochloride salt of EDC. But the coupling agent can also be selected firom the group ccmsistmg 
of: 

A) derivatives of guanidinium N-oxide salts (N-mefliyl methaDaminium salts) of a unsaturated 5- 
15 membered heterocyclic ring fused to an optionally substituted aiyl, heteroaiyl, benzene- or pyridine 
ring, (such as con^pounds of fimnula (A)), 



X =» H, F, CU Br and Y - CH. N. O, S, W "« PFfi. BF4, SbClfi ; 

20 B) derivatives of uronium salts (Ohydronated ureas) of a unsaturated Snnembered heterocyclic 
rmg fused to a optionally substituted aiyl, heteroaiyli benzene- or pyridine ring» (such as 
compounds of fbnnuia (B)), 
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X-H F, CI ftand CUK O, S, W «PF^ BF4, SbOg I 



and; 

C) derivatives of fhiourDniuni salts (such as campounds of fonnula (CX praCeiably as tihe 
5 tetrafluoroboratcsahX 




W-BF4,PF^Sba^ 



Itt an embodfanemt of the invention, the coupling enhancer is selected fiom the group consisting ofi 
10 A) a heterocyclic ring containing one or two nitrogen atoms, said rmg being optionally substituted 
[such as by a keto group, a hydxoacy group^ an alqihatic group, a heteioaliphatic group^ a oyano 
group, a halo^ atom]; such as a compound of formula (D) or fonnula (E), 




Ri3 CD) OH (E) 

15 

wherein Rn and R12 can be the same or different, and each represent a faydiogien atom or a cyano 
group (C^; Ri3 represent a hydrogen atom or an aBcyl group (such as methyl); and Ri 4 repressBt 
a hydrogpi atom or a salt of a sulfonic acid such as sodium sulfonate [-S(K>X'=0)^* Na^; and 
B) an unsaturated 5-6 membered heterocyclic ring fused to an aromatic- or hetexoaromatic ring m 
20 which the said heterocyclic rmg contains three nitrogen atoms, said rings being optionally 
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substituted [such as with ahydroxy group, a halogen atoin^ aketo group and/or an optionally 
substituted aliphatic- or heteroaliphatic group], such as a compouad of formulas (FX (G) 



O 




X *H, F, CI, Br and Y= cat N, O, S 

5 

preferably 6-chlorO'hydra2cyb6nzotriasolB (6-Cl-HOBt), 7-aza-hydroxyben20(riasole (HOAt), or 
3rhydro30f-4^xo-3,4-dihydro-l,23^jeiizotriazi^ (Dbht-OH), 

In a ihrthef embodiment of the invention, the nucleophilic agent comprising a sulfur atom is 
10 selected from the group comprismg: 

- compounds of formula [Mf [SH]" wherein M is a metal such as Li, Na or K; or [MJ^^Sf ' 

wherein M is a metal such as Ca or Mg, the said sulfide salts being optionally hydiated (such 

as sodium l^drosulfide iQrdrate); and 
" an in situ generated sulfide salt or a iQ^drated sulfide salt 

IS 

The nucleophilic agent can be added in the form of a solid salt or dissolved in a suitable solvent 
prior to addition to the reaction mixture^ e£ as a solution of the salt in water and/or an organic 
solvent or a combination diereo£ 

20 In a presently preferred embodiment, the invention relates to preparing a steroi 
of formula (IV) or a salt thereof. 




The symbol in the 1,2-position nqiresent a single or a carbon-carbon double bond. 
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Ri represents a hydrogea atom, a hydroxy- or an alkoxy group (such as optionally substituted Ct^ 
alkoxy) in tho a-configuration, a group -0-O(^>R^ where R< is an alkyl group (such as 
c^onally subatihited Cl-6 alkyl) or an optionally substituted S-6 memfaered heteiocyclio ring 
contBimng either oxygen, nitrogen or sulfur as ring hetero atom [such as a fiirany 1-, pyrtoly 1- or 
5 tfaiopbesyl group]; 

Rz represents a hydrogen atom, a hydroxy group, an alkoxy group (sudi as optional^ substituted 
Ci^ sOaoixy) in 1he a-configuiation, an aOcyl group (sudi as optionally substituted Ci^ all^l) which 
may be m either the or P-configurBtionj an aU^Ieoe group (such as optional^ substituted Ci^ 
aflcy lene having the two free valencies on the same carbon atom, preferably mefli^en) [the 
10 allgdene group is bound to Ifae steroid nucleus via a double bond] or Ri and Rj together represent 



where R7 and R« are the same or difTerent and eadi represent a hydrogen atoiti or an alkyl group 
(such as optionally substituted Ci.6 alkyl); 
15 R3 represent hydrogen, hydroijy or a protected hydroxy group in either the a- or p-configuration or 
an OKO group (in whidi case the bond between R3 and the steroid nucleus is a double bond); 
R4 represents a hydrpgen atom or a halogen atom orBa and R4 tog^er represent a carban-cazbon 
bond or an epoxy group in the P-configuratioz^ and 

Rs represents a hydrogen atom or ahalogen atom m dther the Or or ^-configuration; 
20 R9 represents a hydrogen atom or R9 represent a metal ion [eg. the moie^ -S-R9 represents a group 
of the formula [-SJTNfT whereuiM is Li, Na orK|; the method comprismg; 
A) reactmg a steroidal carboxylic add of formula (H) 
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in whicli the subslituents of formula (II) have the above defined meaning, or a salt thereof widi an 
coupliog agent alone or in conjunction with an couplbg enhancer, followed by the reaction with a 
nuoleophilic agieat conqirismg a sulfiir atom; and optionally 
B) leacting the product fixam step A) with an add. 

5 

The sequence of addition of the coupling agent and the coupling enhancer is not consideted to be 
very inqiortanty as the agent can be added befixre the enhancer, or vice versa. It is also possible to 
add a mixture of a steroidal carb(»cy So add to a fluxture 

versa. Preseody. it is preferred to add the agqnt and tiie enhancer, in succession, as solids to a 
10 stmidal carbo3^1ic add dissolved in a polar aptotic solvent piefoably DMP or DMA, optionally 
at a elevated temperature 

Hie carbothioic add or a salt thereof can be used in a process for producing steroidal caxfootfaioates, 
and therefore the invention in a second aspect relates to a mediod for preparing a steroidal 
15 carbothioate (i.e. the carbothioic ester of the steroid), or a salt thereof, the method comprising: 
reacting a steroidal carbothioic acid or a salt thereol^ which is prepared as defined in tiie first aspect 
of the inventimi, with an electrophilic agent [such as a di-or trihaloalkane]. Prefeiably the 
electroplullc agent is selected 6xm the group consisting of: Ci^ di- or trihaloalkanes, preferably a 
trihalo- or a dihalometfaane , such as chlorobfomomethane or bromofiuorometfaane. 

20 

In a prejfenred embodiment, the invention relates to a method for preparing a steroidal carbothioate 
of formula (I) 




25 

The symbol ^= in the 1,2-position represent a single or a carbon-caibon double bond, 
wherein Ri, R2,R3,R4« and Rs are defined as above; and 

Rio represents a C^^ haloallgrl [such as a fluoro-, chloro-» bromomeOiyl group, a difiuoromefliyl or 
a trifluoromethyl group, or a 2''-fluoroediyl group] or a optionally substitated heterocyclic ring 
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[suchas ateteahydrofiiranyl group, preferably a 2-»o-tetrahydrofiiraih.3-yl], the mefliod 
compilsing: 

A) leacting a steroidal caibosQrlic acid of fomiula (0) 



S 




whh a coupling agent [such as a cai1x>diunide] and a coupling enhancer [such as a compound of 
formula (D) or fbrmula (E) 




Ri3 (D) OH (E) 

10 

wherein Ru and Ru independently repress a hydrogen atoms or a cyano groiq> (C^N); 
Ri3 represent a hydrogen atom or an aOcyl group (such as methyl); and 
Ri4 represent a hydrogen atom or a moiety of a sulfonic acid» sudi as sodium sulfonate (eg. the 
group -S(K)X=0>0'lsia**)]; 
15 B) reacting the product from step A) with a nudeophilic agent comprising sulfur; and 

C) reacting die product from step B) with an electrophilic agent [such as a Cm di- or trihaloalkane, 
preferably a trlhalo^ or a dihalometfaane such as cUorofluoromethane or bramoflooiometfaane] a 
compound of the foUowmg formula; 




wherein X=a F, O, Br and; Y=Cf^ NH, 0, S, preferably XKJl and Y=0. 
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In dlis method it is prrfeired tfiat formula (p) is NM (N-metbylimidazole) or DCI (4^- 
dicyaiio iinidazoleX or farmula (E) is NHS (N-hydn^orsucciiiindde) or suIfb-lNHS 
(a N-jiydroysulfbsTiccininiidft salt). 

5 la a imlfafir embodiment; tfafiinventicm 

R]2 is a cyano group (C^N)» etid/or Rij is a hydrogen atom, and/or Rio is a fluoromediyl group* 

In a third embodim^ step Q coostitiites Ibe in sUu reaction of die product from step B) ynSk 
bromofluoromeflume to ban a compound of fiimiula (I) ^^ran Rio is a fluorometl^l group, such 
10 as fiuticasoQe propionate. 

It is presently preferred diat the method is performed without unnecessary isolation of 
intennediates, and thus in a pre&rred embodiment, at least two subsequent steps of the mefiiod are 
performed in situ^ i.e« without any change or removal of solvents, or isolation of the individual 
15 intermediaiBs. Advantageously, the steps AX B) and C) are conducted as a one-pot synthesis 
witliout solvent changes and/or are peifoimed at room or elevated temperature. Also, the method 
can be conducted as a continuous method. 

In an interesting embodhnent; the invention relates to a method, wherein an androsfane 17p- 
20 oarboxylic acid is converted to an androstane 17p-carbotfaioate. In an other interestmg embodiment, 
step B) provides an alkalimetal salt of tiie thioic add, such as a compound of formula (IVX in 
which the moiely -S-Rs represent a group of die formula [-Sj'IMI^ wherem M is Li, Na or K e.g. -S" 
Na^ and the odier substitoents have the same meanmg as defined for fonnula (I). 




A third a^ect of the invention relates to a method for producmg a compound of the farmola 
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The symbol ^= in the i;i-position represent a sin^e or a caAon-carbon double bond 
Wherein wherein Ri, Rj, Ra^ R4. and R5 are defined as above; 
RciepresKits O, NH; and 
5 W rqiresents hydrogen, an optionaUy substitufed aliphatic- or heteroaliphatio group [such as a 
alkyl group substituted wilh cm or more halogens] or an optionally substituted [such as wifli =0] 
hetefocycBc ring containing eiflier O, N cw S as ring hetero atom [such as a tetnhydrofuranyl- 
(lactone), tetrahydrothiopheByl- (thiolactone) or a pymolidinyl (lactame) grotq)] which method 
comprises reacting a corresponding coffl«iound wherem Ro represents 0 and W repxesents H or a 
1 0 salt diereof witti a couplbg agent alone or in conjunction with a coiqiling enhancer, (the agent and 
enhacer defined mclaun 1, step A); and icactfag the resulting product with a nucleoid 
having file formula: M-W, whenan W is defined as above a^ 
salt thereof. 

15 A fourth aspect offliemvention relates to the novel products wMch can be ob^^ 

of fte invention, or novel compounds \rfiich are intermediates m the m^ods. Thus, the inventi<m 
relates to a compound of the formula (ED) and salts and solvates tiieieof 
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Z represent the structural moiety rcsuhing from the reactioa between the steroidal carboiQ^lic acid 
of formula (D) and a coupling agent (preferably EDC). followed by a coupling enhancer as defined 
above, such as a compouod selected from the group consisdng of the compounds of formulas (D); 
(E);(F);and(G): 

5 




Ri3 (B) OH (E) 



wherein Rn and R12 represent a hydrogen atom or a cyano group; Rj3 represent a hydrogen atom or 
a alkyl group (such as methyl); and R| 4 repress a i^rdrogen atom or a moiety of a sulfonic aoid» 
10 such as sodium sulfonate [ie. the group "SH>)jCK)>0*N^ 



O 




X-f^ F, CI Br and Y- CH, N. O, S 



15 with the proviso Hbat l-[C9aIidu-fluoro-l lbela-bydro3^-16bete-metfayl-3K)xo-17aIptaar 

propioivloxyandrosta-l,4-dicn-17beta"yl)carbonyl]imidazole is disclaimed This compound is 
mentioned in Phillips et dl, (J. Med. Chem., l»4, 37, 3717-3729) 

The conqsounds of ttie invention also comprises salts and solvates of the above fmnulas, and the 
20 skilled person will know that tiie compounds exsist m several polymorfrfi fonns, which also is an 
aspect of the present invention. Also, die above methods lead to compounds in the form of free 
bases, salts and polymorphs. 

Interesthig compounds of formula in are compounds wherein at least one of Rn and R12 is a qyano 
25 group (C=N), and/or compounds, wherein R13 is a hydrogen atom, and/or 
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coDopoimds obtamed usmg a coupling enhancer selected fixnn Ifae groiip consisting o£ NNQ (N- 
meOiyliimdaznle); DCI (4,Ssiicyanoimidazol6); NHS (N-tiordroxysuccimniide}; and sulfo-NHS (K- 
liydioxysulfosuccinimide sodium salt) and/or 
a compound having Hxe fonnula: 




Tiiesymbol intiie l^po^tifmrepresentanngleoracBiboii-'Caibon 

in which the substituents have the same meaning as defined above, and salts and solvates theieof. 

10 

The fiiifa aspect of the invention relates to a composition comprishig a compound according to Ifae 
invention, and, as a sixth aspect, the use of a compound of the mvention as an intennediate in a 
method for preparing a steroidal caibothioate or a steroidal carbothioic acid. 

15 In a veiy interesting embodiment, the invention relates to the iise of a compound of the invention as 
an intermediate m a method for preparbg fluticasone propionate, especially in a method which 
comprises reaction with a nucleophilic agent comprising a sulfur atom [such as sodium 
hydrosulfide hydrate] and/or comprises reaction with an electrophilic agent [such as a Ci^ di- or 
tiihaloalkane, prefeiablty a tzihalo- or a dihalometfaane sudi as dilorofluoxomethane or 

20 bromofluoromethane]. 

The method as described herem relates ui a presently preferred embodhnent to ibs convemion of 
androstane 17P-carboxylic adds to ITp-caibothioates such as e.g, fluticasone propionate via novel 
in situ activated 17P-carbo^lic acid intermediates, hi a pitferred embodhnent of the method the 
25 np-caibothioic esters are prepared by reacting an acid of formula (II) widi a couplmg agent m 
conjunction with a coupling enhancer. The terms ^^coupling ag^' and "^coupSqg enhancer'' are 
hereui used to refer to chemical reagents that facilitalB the fbnnation of a reactive intennediete of 
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fonmila (m} where Z repre^nt a groiq) witli the structural faimula (D) or formula (E). Such 
inteimediates may be formed between androstane I7p-carboxylic acids and a carbodiimide 
derivative such as l-ethyl-3-(3-dimefthylaminopropyl) carbodiimidc hydrochloride (EDQ (a 
preferred example of a coupling agent) in combmation with suitable coupling enhancers. 
5 Suitable couplmg enhancers as used herein can for exanqile be rqiresented by the sbructures of 
fbhnula (D) and formula (E) as desoibed above. 

TliB coupling agent and flie optional coupling enhancers are preferably water^ohible so the 
leactions could be effected in aqueous solutions if prefbrxed. 

10 

Presenflv ccmsideiBd fee best mode of ihe mvention: 

Compounds of formula (m) as defined hereinbefore may be prepared by treating a compound of 
formula (□) with EDC in combination with a compound of formula (D). The resulting 17P-caifooxy 

15 imidazolyl ester, which m^y be isolated if requhred, is treated with a nucleophilic agent (a sul&r 
source) that displaces Hie active ester group to form a compomid of formula (TV), In one 
embodiment of the invention R9 may represent optionally substituted Ci^ alkyl groups like 6.g. 
methyl, ethyl or a isopropyl group (preferably substitated with a halogen atomX or a S-6 membered 
heteroq^lic zing oontainioig either oxygen, nitrogen or sulfiir, the said heterocyclic ring being 

20 optionaUysnbstitutedby a 0x0 group on eifeer of the rii^caihons. Compounds o 

may readily be isohited. In another embodiment of Ihe invention, R9 represent a hydrogen atom or a 
salt Pzeferred examples of salts include alkali metal salts; e.g. Li, Na or K, alkaline earth metal 
sahs; e.g. Ca or lAg, tertiary amine salts; e.g. pyridinium, triedxylammonium or 
dii8q>ropyletlQflamme salt; or quatemaiy ammonium salt^ e.g. tetrabutylammonium salt Such 

25 compounds of formula (IV) loay be isolated if necessary. Subsequent addition of an electrophilic 
agent leads to the formation of compounds of formula (I) as dqpicted in scheme 1, whmin R^o is a 
Ci^haloaUo"!* afluoro-, chloro-, or bromomethyl group, a difluoromethyl or a trifluorometi^l 
group, or a 2'-fluoroetlqrI group. 

30 Pref^ably the nucleophilic agent is a hydrogen sulfide or a salt thereof or more preferably a 
hydrated sulfide salt such as sodium faydrosulfide hydrate. 

Preferably the electropiiilic agent is chlorofluoromeOane or more preferably bromofluoromethane. 

35 In a piejfored embodunmt of the present method, compounds of formula (III) as defmed 

hereinbefore may be prepared by treating a compound of formula (U) whh EDC in combinatkm 
with a compound of formula (E). The resulting 17p-carboxy succinimidyl ester which may be 
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isolated if required is treated with a nucleophilic agent that displaces the active ester group to form 
8 compouiid of fonnula (IV) as defined hereinbefore. Subsequent addition of a elecfrophilic agent 
conchide die synthesis towaids con^unds of formula (I) as d^icted in scheme 1, wherein Rio is a 
Ci^haloaD^ afluoro-, chloro-^ orbroinQmeliiyl groiq), a difluoromeliiyl or a triflaorometi^l 
5 group, or a 2^<fluoroet}qrl group. Hie firnnadcm of compounds of formula (I) may take place in a 
one-pot reaction starting whfa compounds of fiamula 01) without isolation of the intennediates of 
fonnula (ID) and (IV) if e.g. sodium bydrosulfide hydrate is used as tte nucleophilic agent 

The use of a coupling imhanoer in combination with a carbodiimide foorms an active ester 
10 intmnediate of formula (ID) witii increased stability and reactivity. These intermediates have an 
incieased threshold against competing hydrolysis reactions. Hie reduced level of hydrolysis raises 
the efficiency legaiding the fonnation of products of formula (I) (scheme 1, see below) where Rio 
is defined as hereinbefore. 

15 Surprisin^y, we have found that the use of these novel I7p-carboxy succinfanidyl- and 17p- 
carbojQ^ imidazolyl esters of formula (III) reduce the cycle time, increase the yield and enhance the 
purity of the final product of fonnula (I), 

Compound preparation 

20 Hie melfaod of the disclosed invention will be better understood when related tp iket fnllfiwing 
synftetic scheme^ which illustrates a prefaied embodiment of tiie meHiod as described herein. 
Moreover, persons skilled in ibe art will be aware of variations of, and alternatives to the method 
described hereinafter. Hie provided exanqiles will demonstrate ftie syntiiesis and allow compounds 
defined formula (I) to be <4itamed. In scheme 1 , the substituents have &e above-defined 

25 meaning. 

Scheme 1 
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Theandfostane 17P-cafbo3^1ic add startmgautmals employed in the present invention may be 
readily prepared 1^ wy means known in fhe ait Compounds of formula (II) can be prepared by 
5 oxidatiofa of a suitable 2l-hydK)3Qr-20-keto pregnane of fomrola (V) as taught in e.g. US3636010 
(example 1). 




10 Compounds of formula (V) which are commeruially available include e.g. bodesonide, desonide, 
triamcinolone acetonide, fluocinolone acetonide, betamediasone, dexamediasone, prednisolone^ 
flumetfaasone, beclomettasone^ icometfaascme, diflorasone, hydrocortisone and fludrocortisone* 
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Tbe method as described herein vdll now be described in detail in connection with other 
particiilarly prefined embodiments of schemB 1 . Thus, the following and not limiting examples 
will illustralB an especially preferred methodology. The examples aie piesenled to provide what is 
believed to be tiie most useful aM readily undrastood descripto 
S aspects offtemediod described herein. 

Eaamplcs 

G^eral 

10 MS (ESI) refer to mass spectra obtained using electrospray ionisation techniques. Melting points 
were obtained using a Mettler FP8 1 MBC cell and are uncorrected. The purity of the products was 
detetmmed by RP18-HPLC analysis using UV-detection at 239 nm. 
Abbreviations; DMF (N,N-dimethylfoimamideX DMA (N,N-dim6th>4acetamide), 
THF (tetralQ^drofiiraneX EDC (l-ethyl-3-(3HliflMtfayl-4nunbpiopyl)carbodiunide 

IS lQrdiocMQrideX)fiEIS0^4iydro9QrsucofattmideX>^ 
(4,S-diGyaoo-imidazole). 

Example I 

6a^-difluoro-l ip,17oH]]hydrQxy-16armetiiyI- 

20 3-<»coandtostft-l,4-dien6-17P'<caiboxyUo add 

6Ge,9apdifhu«o-l ip,17a'*2l-trihydro2Qr-I£tt-methyl-prBgna^l,4^ (flumetasone) 
(525 g, 12.78 mrnol) was dissohred m THF (25 ml) at 0 ""C. To the stirred sohtion, periodic acid 
(2.0 eq., 5.83 g in 12 ml H^O) was added drop wise. The reaction flask was covered in alummum 
fon after 75 minutes and left stirring at room temperature. The reaction was quenched after 4.5 

25 hours by addition of water (1 20 ml) and left in a lefiigerator over-night. The resulting precipitate 
was filtered, washed with water until the filtrate was neutral to pH-pap^ and dried under reduced 
pressure. The titie compound was obtamed as a white solid (4.96 g, 98%), with a purity of >99% 
byHPLC. 

30 Example 2 

6oc,9a-difluoro-l ip-hydroxy-I6a-m6thyl-3-oxo-17a- 
propionyloxyandro5ta-l,4-diene-17p-caiboxylic acid 
A suspension of 6a»9ardifluoro-l lp»17a-<lihydro>^-16a-metiiyl-3-oxoandrostapl,4-diene-17p- 
carboxylic acid (4.1 1 g, 1038 xnmol) in acetone (30 ml) was added BtaN 
35 (3.5 eq., 3,7 ml) under N2 and stirring. The resulting solution was cooled to 0 and propionyl 
chloride (4.5 eq., 4 J nti) was added drop wise to a white suspension. After 85 minutes EtiNH (10.0 
eq., 7.6 ml) was added and tiie resulting mkture was left stirring for 55 minutes at 0 before the 
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solvent was removed under reduced pressure. The resulting solid was dissolved in water (ZO ml), 
and treated with IK HCl to pH 2. The wfaha precipitate thus fomied was filteral, washed wt& ice 
oold water and dried under reduced pressure st The title compound was obtEuned as a white 
solid (4w64 & 99%) with apurityof 99% l^HPLC. 

5 

Examples 

S-fluoromethyl 6a,9a-<liiluon>-l ip-hydn)xy46apme%l-3-oxo-17a-i3ropi(^ 
diene-17p-cail>othioate (fluticasone propionato) 
A flask chaised with 6oe,9apdifluoro-ll|3-]q^xy-16a-m6ftyl-^^ 

10 l,4-dien^l7p-carixMQfllc acid (0.30 g. 0.66 nmol) in DMA (30 ml) at -SO 'C was added EDC (3.0 
eq., 0.38 g) and MS (3.1 eq., 024 g) and left stirring until the reaction was oonqilete, as monitcned 
by HPLC analysis. The oil hath was turned offand sodium faydiosulfide hydtate (20.0 eq., 0.74 ^ 
was added in one portion at -35 The addition immediately insulted hi a strongly Uue colored 
reaction mixture. After 15 minutes the reaction was complete and gaseous bcomofluormetfaane was 

15 added at room temperature. The inidal blue color gradually changed Id pale yellow during the 
addition of bromofhiorometliane. On completion of the reaction^ after 15 mmutes, as monitored by 
HPLC analysis, sodiumcarbonale ml, 10% in water) fbltowed by water (10 ml) was added to 
the cooled reaction mixture. The solid thus fonned was filtered, dissolved in methanol (40 ml), 
heated to reflux and filtered. TanperatBd water (40 ml) was slowly added to the wami filtrate. The 

20 begmning suspension was left at room temperature for two houra before cooling in a refrigerator. 
The resulting precipitate was collected by filtration, washed with water (40 ml) and dried under 
reduced pressure. The title compound was obtuned as a white amorphous solid (0.25 g, 92%) with 
a mehu« pomt of 267 *C and a purity of >98% by HPLC. Spiking of the product sample with the 
British Pharmacopoeia Standard (melting point: 265 ''C) of fhiticasone propionate, showed one 

25 peak by HPLC analysis. 



30 A flask chaiged with 6Ge4)a-<Iifhioro-llp-hydr(»Qr.i6^^ 

l,4-dieiK>.173-carbo3gflic add (OJO g, 0.66 nunol) in DMA (30 ml) was heated fo -50 X- EDC 
(3.0 eq^ 0.38 g) and NMl (3 J eq., 162 ^1) was added and the reaction mixture was left s&rmg 
undl the reaction was complete as monitored by HPLC analysis. The oil bath was turned offand 
sodium hydrosulfide hydrate (20.0 eq., 0.74 ^ was added in one portion at -35 «C. The addhion 

35 immediate^ resulted in a strongly blue colored reaction mixture with some precipitation. Afte IS 
minutes the reactkm was ccmiplete and crushed ice followed by 2N HCl (10 ml) to pH -2 was 



Exaniple4 



6a,9c3wlifh2oro-l 1 p-hydroxy-ieo-metlo^l-S-axo-l 7a- 
propion}4Q3cyandrostfr-l,4-diene-17p-carbothioic acid 
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added and tiie flask was left in a xefirigerator. Daring fiio addition of HCl, tte initial bluish reaction 
mixtUTB gradually became colorless. The solid thus fonned was filtered and a minimum amount of 
acetone fcllowing temperated water was added tD a beginning cry stallhatiQn. The refrigerated 
su^ension was filtered, washed with water (30 ml) izntil the filtrate was neutral to pH-paper and 
5 dried under reduced pressure. The tilte conqiound was obtained as a white amorphous soHd (0. 1 0 g» 
32%) widx a puriiy of 98% by HPLC, 

EmnpIeS 

S-meAyl fa,9aFdifiuoro-tlp4iydio3Qr.l6a^eiiQrI.3^]G^ 
10 17a-pxopionyloxyandrosta-U4^ene-I7p-carbofiuoate 
6a, 9a^Muoro-l ipkhydrQxy-lfo-me%M-oxo-17a-propionylo^ 
caiboxylic acid (0.20 g, 0.43 mmol) was dissolved in DMF (10 vaS). The reaction fliaV was 
immersed in an oil-hath and the teaq>eiatuie was raised to -40 ^C. BDC (-^2 eq., O.IS g) and NHS 
(~5 eq., 026 g) was added and the reaction mixture was left stirring at 40 "C for 1 9 hours. The 
15 tenqieiatuie was raised to SO ^^C and another portion of EDC Heq., 0.29 g) was added. Hie 
mixture was left stiirii^ at SO ""C for 3 hours. The flask was removed fiom tiie oil-bath and the 
reaction mixture was dihited by the addition of DMF (5 ml). Aqueous NaSMe (1 .0 ml, 21% 
solution in water) was added in portions over a period of 30 minutes. The reaction mixture turned 
into a pale pink suspension. The reaction was quenched by the addition crushed ice and aqueous 
20 HCl (12 ml, 10%). The white precipitate was filtered, washed with watw and dried. The crude 
product was dissolved in a minimum amount of acetone and water was added until a beginning 
precipitation. The resulting solid was collected by filtration, washed with water and dried under 
reduced pressure to yield the title compovitid as a white solid (0.1 1 g, Sl%) with a purity of 90% by 
HPLC. 

25 

Example 6 

S-mefliyl 6a,9aFdifluoro-Il^-hydroxy-lfor4nefll)d-3-oxo- 
17ari»x)pioz]yl(»Q^drostarl,4-diMie-I7PK!aiboQ^ 
Charge a flask whh 6a^-difhioK)- 1 1 P-hydroxy-16a-methyl-3-oxo-17a-propionyl-o}Q^androsto^ 
30 l,4-diene-17P-carbQ2^1tc add (030 g, 0.66 mmol) in DMA (30 mQ, and heat the contents to ^50 
"^C. Add EDC (3.0 eq., 038 g) andNMI (3.1 eq., 162 ;d) and leave die mixture stfanng until the 
reaction is completSi as monitcxed fay HPLC analysis. Turn off /remove the oil badi and add 
aqueous NaSMe (1 J ml, 21% solution m water) in one portion at -3S ''C. The reaction is quenched 
fay the addition of crushed ice and aqueous HCl (12 ml» 10%). The white precipitate is filtered, 
35 washed with water and dried. The crude product is dissohred m a mhumum amount of acetone and 
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water is added to induce precipitadon. Tlie lesulting solid is collected by filtratioii, washed witti 
watnr and dried uzuler reduced pressure to yield the tide compound as a solid. 



Bxaniple 7 

5 S-fluoromefhyl 6a,9apdifluoro-l 1 p-l]ydroxy^l6a-me%l-3-oxo-l7a-propio]Q'loxyBndrosta-l,4- 

di«ie-17P-carbothioat6 (fluticasoDe propionate) 
Chaige a flask with 6(x,5ta&-difluoro-l l^lQrdroxy»16<XHDiethyI-3-oxo^ 
U4-diene-17p-caiboxsrlio acid (030 & 0.66 mmol) hi DMA ^0 ml) and heat the commits to ~S0 
"^C. Added BDC (3.0 eq., 0.38 and DQ 0. 1 eq.) and leave tihe mixture sthring until the reaction 

10 is complete^ as monitored by HPI£ analysis. Turn ofiB^niOT and add sodium 

iQTdrosulfide hydrate (20.0 eq., 0.74 g) m one portion at --3 5 ""C. After x mmutes the reaction is 
complete and gaseous hromofluorometfaane is added at room temperature. Upon completion of the 
reactiotti as monitored by HPLC analysis, sodium carbonate (25 ml, 10% m water) and water (10 
ml) is added to the lefiigerated reaction mixture. Hie solid which fotms is fiftmd and dissolved in 

15 methanol (40 ml). The methanolic solution is heated to rofhix and fUteied. Tmperate water (40 ml) 
is added slowly to the warm filtiate. The resulting suspension is left at room temperatnre for two 
hours before being transferred to a refrigerator. The precipitate which forms is collected by 
filtration, wadied with water (40 ml) and dried under reduced pressure. The title compound is 
obtained as a solid. 
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1 . A m^iiod for pr^ariixg a steioidal carbothioio acid or a salt theareo^ said method corq)rises: 

A) reacting a steroidal coitioxylic acid or a saltliiereof mfh a coupling agent alone or in 
5 CQigunctioin with a coupling enhancer; and 

B) reacting the product of stqi A) with a nucleophilic agent comprising a sulfiir atom. 

2. A meftod according to claim 1 in ^ch tiie coupling agent is selected fiom the group ccmsisting 
of cailxxliimide derivatives represented by die foUowmg formula: 

IQ ^ — N=c=N — F^, 

wherem and are the same or different, and each represent an aliphatic, heteroaliphatic, 
carboc^Kc or a heterocyclic group [all said groups are optionally substituted]; preferably the 
coupling agent is l-ethyl-3-(3-dimefliylaminopropyl) carbodiimide (BDC); and more preferably the 
hydrochloride salt of BDC. 

15 

3. A method according to claim 1, in which the coupling agent is selected from the ^up 
consistuig of: 

A) derivatives of gnanidiiuumN-oxide salts (N-melhyl mediaoamiiuum salts) of a unsaturated 
membered heterocyclic ring fused to an pptionB% substituted aiyl, heteroaiyl, benzene* or pyridine 
20 rinct (such as compounds of formula (A)), 




X-H, F, a Br and Y- CH. N, O, S, W « PFg, BF4, SbClg ; 

B) derivatives of uronium salts (Ohydronated ureas) of a unsaturated S-membmd heterocyclic 
25 ring fused to a optionally substituted aiyl. heteroaiyl. benzene- or pyridme ring, (such as 
compounds of formula (B))» 



25 
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X = F, Br and y « CH H 0. S, W - PFg. BF4, S bC% ; 
and; 

C) derivativea of Ifaiouromum salts (anoh as oomponnds of fibimula (C). pmfembly as fhe 
5 teliafluaxoboiaie salt), 




W «HF4.PF6,Sba<i 

4, A method according to any of the preceding claims, in which tte coupling enhancer is selected 
10 from the group consisting of: 

A) aheterocyclio rfaig cantaining one or two nitrogen atoms, said rmg being optionally substituted; 
such as a compound of formula (D) or formula (E), 




Ri3 (D) OH CE) 

15 

wherein Ri 1 and R12 can be Ihe same or difiEereot; and each represent a hydrogen atom or a cyano 

group; R]3 represent a hydrog^ atom or an all^l group; and Ru represent a hydrogen atom or a 

salt of a sulfonic acid such as sodium sulfonate [-^"OXOH^' Na^; and 

B) an unsaturated 5-6 membered heterocyclic ring fused to an aromatic- or beteroaromatiic ring in 

20 which tiie said heterocyclic ring contains three nitrogen atoms, said rmgs being optionally 

substituted, such as a compound of fonnulas (JS% (G) 
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(G) 



X- jft F.Cl, Br and Y=CH,H, 0,S 



preferably 6-chbn>-hydroxybeiizotriasole (6-Cl-HOBtX 7-aza-hydraxybeiizotriasoIe (HOAtX or 
5 3-lofdroxy4-<Ha)-3,4-dihydro-lA3-beiizotria^ 

5. A mefliod according to any of the preceding claims, yiben flie irocleophilic ageatGampriaiog a 
sulfiir atom is selected fiom the gioup comprising: 

- compoumis of fonnula pVfflSHT wherein M is a metal such as Li, Na or K; or [M]**[Sf 

10 w*e«*i M fa ametal such as Ca or Mg, the said suffide salts being option^ 
as sodhim iQrdnsulfide hydrate^ and 

• aniiij»t»g«uffated$ulfidesaltar8lQ>drated sulfide salt 

6. Hie method (tf any of the preceding claims, ivfaerein Ihe andeophilic agent is dissolved in a 
13 ««taWesolventpriortoadditiontoaieiBacticBmixture,or^^^ 

in die to of a soM salt or as a sohition of the satt in water and/or an ciganic solvent or a 
combinatian dieieof. 

7. A method accordmg to any of the preceding claims for preparing a steroidal cari»lhioic acid of 
20 formula (IV) (basalt thereof 
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Wherein the symbol ^==^ in tiie 1^-position represent a single or a carbon-carbon double bond; 
R] represents a hydrogen atom, a hydroxy- or an alkoxy group (such as an optionally substituted 
Ci^ alkoxy) in the a-configuration« a group -0-C(K)>R6, where is an alkyl group (such as 
ppticmally substituted all^l) or an optionally substituted 5-6 membered heterocyclic ring 
S containing eith» oxygen, nitrogen or sulfur as ring h^eto atom (such as a furanyl-, pyrrolyl- or a 
thipphenyl group); 

R2 nspreseols a Iq^^n atom, a hydroxy gitnq», an alkoxy group (such as an opttonaOy substituted 
Cm alko2^) in the Orconfigqrsdon, an aUsyl group (such as an optional^ substituted Ci^ alkyl) 
which may be in either fhe ot« or p-conf^ation, an alkylene group (such as an optionally 
10 substituted Ci^ aOg^lene bavfaig the two fiee valencies on flie same carbon atom, piefetably 
methylene) [the alkylene group bound to tise steroid nucleus via a double bond] or Ri and Ra 
together represent 



15 wh ere R7 and R« axe die same or different and each represent a hydrogen atom or an alkyl group 
(such as an optionally substituted Ci^ alkyl); 

Ra represent a Iq^drogen atom, hydroxy- or a protected hydroxy group in dtfaer the a- or p- 
configuratzon or an oxo ffoup (in which case Ifae bond between R3 and tihe steroid nucleus is a 
double bond); 

20 R4 represents a hydrogw- or a halogen atom or Ra and EUtogediercep^ 
oran qxixy group inthe p-ccmfiguration; and 

Rs represents a hydrogen- orahalo^natomineitherfheot-orP-configucation; 
S9 represents a hydrogen atom or R9 represent a metal ion [eg. the moiety -S^'R? represents a group 
of fte formula [-Sf^Cf' wherein M is a metal such as Na or K]; the method conquising; 
25 A) reactuig a steroidal carboac^lio acid offbnnula(I9 or a salt thereof 



— a 




0 
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in which the substitiients of formula (D) have the above dejSned meaning witii a coupling agrat 
alone or in oorgimction wifli an coupling wihancer, followed by the reaction with a nucleophilic 
agent comprising a sulfur atom; and optionally 
5 B) reacting the product jfom step A) with an acid. 

8. The method of any of the preceding claims, whesrein 0 

the coupling agent is added bejfore the coupling enhancer, or 
fte coupling enhancer is added before the coupling a^ot; and/or vAerein S) 
10 - fte steroidal carbojQriic acid is added to a mixture of&e coupling agent and the 
enhancer, or wherein 

a mixture of the coupling agent and the coupling ^ihancer is added to a steroidal 
carbo3Qrlic acid, or wherein 

the steroidal carbos^lio acid is added to a mixture of the coupling agent and the coupling 
15 enhancer in a polar aprotic solvent, preferably DMF or DMA, at elevated temperature. 

9- A method for preparing a steroidal carbothioate (i.e. the carbothioic ester of fee stm>id), or a salt 
thmoj^ the method comprisins 

reacting a steroidal carbothioic acid or a salt hereof, which is prepared as defined in any of die 
20 precedmg claims, widi an electrophilic agent 

1 0. A mediod according to claim 9, ia wliich the electrophilic agent is selected fix>m die group 
consisting o£ Ci^ di- or trihaloalkanes, pie&rably a trihalo- or a dihalomethane, such as 
chlozobromomethane or bromofluoromethane. 

25 

1 1 . A method according to clann 9 or 1 0 fisr preparing a steroidal carbothioate of formula Q) 




wherein R], R3.Ra,R4, and R5 are defined as m clann 7; and 
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Rio represents a Ci^ haloallg^l or an optionally substituted beteiocyclic ring, tlie method 
comprising: 

A) reacting a steroidal carboxyiic acid of fotmiila(ll) 




10 ^wfacfdn Rii and Il]2 independently lepres^ 

Ru represent a hydrog^ atom or analkyl gnnip; and 

Ri4 represent a taydrogw atom or a moiety of a sulfonic acid, such as sodium sulfianate (eg. the 
group -S(=0)(=0)-0-Na^]; 

B) reacting tiie product fixun step A) with a nucleophilic ogent comprising sulfur; and 
15 Q reacting the product fiom step B) witii an electrq;ihflic agicnt [such as a Ci^ di- or trihaloalkane, 
prefismbly a trihalo- or a dihalometfaane such as chlorofluoromelhane or bromofluorometfaane] or a 
compound of the following formula; 




wherein X«»H, F, CI, Br and; YK:H2, NH, O, S, preferably X«C1 and Y=0. 
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12. Hie method of claim 1 1, wherein tfie coupling enhancer is selected from tiie group consisting 
of (N-metiiylimidazDle); DCI (4,5-dicyanoimidazale); NHS (N-hydroxysuccinimide); and 
8iilfi>-NHS ()N4iydtoxysuI&succxnimide). 

5 13. The method of any of tihe claims 1 1-12, wberein step C) constitiitBs the in siiu leacdon of the 
product fiom step B) wifli bromofluorometfaane to form a c(m4)ound of fonnula (I) wherein Rio is a 
fluoitxnetfayl groups such as fluticasone propionate. 

14« The method according to any of the precediDg claims^ in whidi 
10 « at least two subsequent steps are performed in situ, le, without any change or lemoval of 
solvents, or isolation of the individual intennediates; and/or 

- the method is conducted as a continuous method; and/or 

- st^ A), B) and optionally step C) are conducted as a one-pot synthesis without solv^ 
changes and/or are perfomied at room or elevated temperature. 

15 

15- Hie method of any of the claims 9-14, wherein an androstane 17P-carbo3cylic acid is converted 
to an androstane 17P-carbothioate« 

16. The mediod of axiy of tfie preceding claims, wheroin step B) proivides an alkali metal sah of the 
20 thioic acid» such as a compound of formula (IV), in vtWdi the moidy -S-R9 xvprosent a group of flie 
fimmila ^STCNQ^ wh^»in M is a metal such as li, Na or K e.g. -S* Na^ and the odi« substitiients 
hffve the same meaning as defmed m claim 7. 
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wherein Ri, R^, and Rs 9XO defined as in claim 7; and 

Z represent tiie structural moiety resulting &am the reaction between the steroidal carboxylic acid 
5 of formula QT) and a coupling agent (preferably BDC)» fblbwed by a coupling enhancer as defined 
in claim 4» such as a compound selected jErom the group consisting of the compounds of formulas 
P); (E>;(F);and(G): 




Ri3 (P) OH (E) 

10 

whezein Rn and R12 independently nepresent a hydrogen atom or aoyano group; R13 leptesent a 
iQfdrogen atom or a metiqd group; and R14 represent a hydrogen atom or a moi^ of a sulfonic 
acid, such as sodhun sulfonate [ie. ffae group -<S(-0X'O)-0' Na^» 




with the proviso that l-[(9alpbarfluoro-l lbeta"hydroxy-16beta-me%l-3-oxo-17alpha- 
propionylo3gmndrosta-U4-dien-I7beta-yl)caibQnyQunidw is disclaimed. 
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18. Tie compound of claim 17, wherein at least one of R|i and is a cyano group (C^, and/or 
Ri3 is a hydrog^ atom, and/or fwmula (D) is NMI (N-meftylimidazole) or DQ (4,5^icyano- 
imidazole), and/or fonnula (E) is NHS (N-hydro3g^suocinimide) or sulfo-NHS (N-hydit>30^sulfo- 

5 sucdnimLde). 

19. The compound having Hie formula: 



in which flie sufaatituents have the same meaning aa defined in claim 1 7^ saiA aalf ^ uml <;olvftt^g 
thereof. 

20. A composition comprising a oonq)ound as defined m any of claims 17-19. 

IS 

21 . Use of a compound of any of the olauns 17-19 as an intermediate m a method for preparing a 
steroidal carbothioate or a steroidal carbotfaioic acid, such as in a method for preparing ffnttQflftfmft 



20 22. Use accordmg to clahn 21, in which the method comprises reaction with a nucleophilic agent 



0' 




10 



propionate. 



oonq)riaing a sul&r atom and/or comprises reactioa with an electrophilic agpnt. 
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